ABSTRACT
This definition of quality improvement in health care is relevant to healthcare clinicians at all levels of practice from management to clinical care. However, the focus of this article is on those involved in direct clinical care.
In clinical practice, mHealth apps can be used to assist in delivering effective patient care, facilitate research, and inform quality improvement by examining data about both illness management and patient experience. Use of mHealth apps in health care delivers several benefits over traditional methods by providing convenient, real-time, portable access to health information services and enabling the collection and storage of large amounts of data (WHO, 2016) . Historically, data have been fundamental in supporting and informing change in health care. This capacity to support health care and collect data results in mHealth apps holding great potential to play a pivotal role in healthcare delivery and quality improvement. mHealth apps have been developed to collect and deliver health-related information for both patients and clinicians for a variety of purposes including (but not limited to): communication, patient management, medication compliance, diagnostic tools, education, behavioral prompts, reminder purposes, self-management, postoperative care, personal health records, and reference information. There are large amounts of evidence available relating to the development and implementation of such apps. However, despite the sizeable number of apps available for both healthcare providers and patients, there is limited evidence available on how the data generated from these apps are used, particularly in relation to using that data to inform quality improvement.
AIM
As outlined above, data collected from mHealth apps holds potential to be used to inform sustainable quality improvement in health care. As such, the aim of this integrative review is to establish current knowledge of how mHealth apps are used to produce data to inform quality improvement in practice.
METHODS
This integrative review was performed in accordance with guidelines for integrative reviews by Whittemore and Knafl (2005) and Hopia, Latvala, and Liimatainen (2016) .
Search Strategy
In October 2017, a comprehensive search of the Scopus, Web of Science, CINAHL, and MEDLINE Plus Full Text databases was performed (see Figure 1 ) to identify current evidence suitable to answer the PICO question "How are apps used to produce data in healthcare to inform quality improvement?" Key words used in the search strategy included apps OR app OR "mobile application," healthcare OR "healthcare" OR hospital OR nursing OR "quality improvement" OR "quality*" OR "practice improvement." Each search string was combined with the Boolean operator AND to obtain focused results. Each search string was searched in both title and topic to ensure comprehensive coverage of the topic of interest and was altered to search each database's individual requirements. Full details of the electronic search strategy used in the Web of Science database can be seen in Table 1 .
Study Selection and Data Extraction
One reviewer independently evaluated the search results based on an agreed inclusion criteria of (a) full-text; (b) empirical research studies; (c) relating to mobile health application use (not development); (d) in clinical care. Excluded from the review were research protocols, manuscripts, editorials, conference papers, and non-English publications, apps that provided education or information and did not collect data, or papers on app development. Data were then extracted from the 19 studies that met the inclusion criteria and collated in an electronic table (Table S1 ). This process and its results were then critiqued by the other investigators.
Quality Assessment
To assess the validity of the results and relevance of the studies identified, quality assessment of the articles included in the review was completed using the Critical Appraisal Skills Programme (CASP) checklists for critical appraisal of qualitative research (CASP, 2017a), randomized controlled trials (CASP, 2017b) , and systematic reviews (CASP, 2017c) . These tools were selected, as they are well-recognized tools in critical appraisal of research and provide a variety of checklists to systematically assess the varying study designs found in the research studies included. Risk of bias within the studies was assessed using The Cochrane Risk of Bias Tool (Higgins et al., 2011) .
RESULTS
The search strategy yielded a total of 710 articles from across all four databases, which reduced to 634 once duplicate articles were removed. It is important to note that CINAHL and Medline Plus Full Text yielded many results for each individual search string; however, when combined with "AND," nil results were obtained. The 634 articles identified from the database searches were screened by title and abstract and 563 records were excluded based on the inclusion and exclusion criteria (of which a large number were research protocols). The 71 remaining articles identified were then located in full text and reviewed in more depth to assess for eligibility. Further screening of the reference lists of these articles also identified four additional articles. After reviewing these articles in relation to the exclusion criteria, a total of 56 articles were excluded and 19 articles were selected for evidence synthesis.
Study Characteristics
The years of studies yielded in the initial database searches spanned from 1991 to 2017. However, the articles that met the inclusion criteria for evidence synthesis spanned from 2012 to 2017 indicating the emergence and developing nature of this topic in health care over the last 5 years. Studies were conducted in 17 different countries including seven in the United States of America, four in Canada, two in the United Kingdom, Sweden, China, and Korea, and one in Turkey, New Zealand, Germany, India, Iran, Japan, Democratic Republic of Congo, Spain, Czech Republic, Italy, and Australia. One study reported by Holmen, Wahl, Smastuen, and Ribu (2017) was conducted across three countries.
Studies varied greatly in their aims, methodologies, and sample sizes. A variety of study designs were selected for analysis, including four systematic reviews (Holmen et al., 2017; Kitsiou, Pare, Jaana, & Gerber, 2017; Lee et al., 2015; Peiris, Praveen, Johnson, & Mogulluru, 2014) , four randomized controlled trials (Armstrong, Coyte, Brown, Beber, & Semple, 2017; Cingi et al., 2015; Lakshminarayana et al., 2017; Wolf et al., 2016) , one nonrandomized controlled trial (Sundberg et al., 2017) , three retrospective cohort studies (Dickson, Sumathipala, & Reeves, 2016; Khanna, Sambandam, Gul, & Mounasamy, 2015; Twichell et al., 2017) , six pilot studies (Foo et al., 2015; Gunter et al., 2016; Jakel et al., 2016; Macpherson et al., 2014; Patel, Siegler, Stromberg, Ravitz, & Hanson, 2016; Semple, Sharpe, Murnaghan, Theodoropoulos, & Metcalfe, 2015) , and one case report (Gernart et al., 2017) .
Populations of Interest
Eleven out of the 19 studies reviewed involved patients and medical clinicians and three involved medical clinicians alone (with 3/19 studies not specifying population of interest for the apps). Only two studies involved nursing staff (Jakel et al., 2016; Patel et al., 2016) . The aim of the study by Jakel et al. (2016) was to examine whether use of a Provider Resilience mobile application would improve professional quality of life for a cohort of oncology nurses. This app collected data to evaluate healthcare providers' level of compassion fatigue, burnout, and compassion satisfaction; however, the results of using the application were not statistically significant. The aim of the study by Patel et al. (2016) was to evaluate the impact of using a smartphone-based communication app to improve communication between healthcare clinicians including clinical teams, doctors, nurses, social workers, pharmacists, and secretaries. The outcome of this study was that nurses and doctors both reported texting on a smart device was more efficient and less disruptive than making phone calls or using pagers with statistical significance of <.0001 in responses relating to efficiency and workflow.
All studies selected involved mHealth apps used in a hospital or clinical care context. The predominant population of interest was patients (eight adult and one pediatric) with two studies looking at both adult and pediatric patients (Lee et al., 2015; Macpherson et al., 2014 ) and three studies not explicitly stating the age of the population impacted by the app (Cingi et al., 2015; Dickson et al., 2016; Lee et al., 2015) . Five studies reviewed apps relating to healthcare clinicians including medical, nursing, social work, pharmacists, and clerical staff (Foo et al., 2015; Jakel et al., 2016; Khanna et al., 2015; Lee et al., 2015; Patel et al., 2016) .
Functions of Apps
The functions of the apps outlined in the studies were discussed and themed by the authors until consensus was reached on four different categories: communication, illness management, clinical management, and education/ information. Despite the different functions, data from all mHealth apps provided support whether that was relating to the patient experience, decision-making, or treatment delivery. See Table S2 for a detailed breakdown of app functions.
Data Collected Using mHealth Apps
The types of data collected by the apps included numerical data (e.g., numbers, survey scores, vital signs; Cingi et al., 2015; Dickson et al., 2016; Foo et al., 2015; Gernart et al., 2017; Jakel et al., 2016; Sundberg et al., 2017) , textual data (e.g., using words, phrases, or more in-depth descriptions; Cingi et al., 2015; Gernart et al., 2017) , photographic data (e.g., photographs of wounds; Khanna et al., 2015; Semple et al., 2015) , graphic data where graphs or scales were generated as a result of patient or physician input or where images were selected by users to express symptoms (Foo et al., 2015) ; a number of apps were able to collect a variety of data types.
As well as the ability to collect an assortment of data types, the apps reviewed were, at times, able to collect large amounts of data. For example, a study on communication (Patel et al., 2016) reviewed 708, 456 text messages, while another looked at over 6,800 abnormal blood pressure measurements (Twichell et al., 2017) . There was also considerable variance in study participants, ranging from eight orthopedic residents in a study about the use of smartphone technology in India (Gunter et al., 2016) to over 1,450 in a communication study (Patel et al., 2016) .
Data collected through apps were used both in real time to deliver health care, inform healthcare decisionmaking, and create self-awareness (Armstrong et al., 2017; Cingi et al., 2015; Dickson et al., 2016; Foo et al., 2015; Gunter et al., 2016; Jakel et al., 2016; Khanna et al., 2015; Macpherson et al., 2014; Semple et al., 2015; Sundberg et al., 2017; Twichell et al., 2017) , and retrospectively to inform healthcare management (Gernart et al., 2017; Lakshminarayana et al., 2017; Semple et al., 2015 , 2016) , communication strategies (Khanna et al., 2015; Patel et al., 2016) , and healthcare delivery changes (Foo et al., 2015) .
Quality Improvements as a Result of mHealth App Use
While not the main focus of the apps, a number of quality improvements and outcomes were reported in the studies reviewed. These included improvements to clinical outcomes (Cingi et al., 2015) , disease control and management (Kitsiou et al., 2017; Lakshminarayana et al., 2017) , quality of life (Cingi et al., 2015; Sundberg et al., 2017) , time to treatment (Dickson et al., 2016; Twichell et al., 2017) , communication (Foo et al., 2015; Khanna et al., 2015; Macpherson et al., 2014) , awareness of patient information (Khanna et al., 2015; Lee et al., 2015) , symptom burden (Sundberg et al., 2017) , emotional functioning (Sundberg et al., 2017) , medication adherence (Lakshminarayana et al., 2017) , time efficiency (Foo et al., 2015; Khanna et al., 2015; Lee et al., 2015; Patel et al., 2016; Semple et al., 2015) , disease management (Holmen et al., 2017) , follow-up time (Armstrong et al., 2017; Semple et al., 2015) , and patient management (Foo et al., 2015; Lakshminarayana et al., 2017) . Of the 19 studies reviewed, only one article (Foo et al., 2015) made explicit links outlining that data collected from the app were used to inform quality improvement. The quality improvements outlined by the other 18 studies were related directly to using the app itself with some articles indicating the potential for future quality improvement based on study results.
DISCUSSION
The findings of this review confirm the global interest and potential international impact of mHealth apps to assist in both the delivery and development of health care with 17 countries being represented in the 19 studies reviewed. As can be seen from the year of publication of included studies (2012) (2013) (2014) (2015) (2016) (2017) , the use of mHealth apps to produce data that informs quality improvement is an emerging area in health care. This is congruent with the findings from Peiris et al. (2014) who found a large number of gray literature outlining studies in progress or randomized controlled trials with findings yet to be reported. This is further reflected in the findings of this review where 12 out of the 56 articles excluded were relating to mHealth app development (see Figure 1 ). It was interesting to note that only two out of 19 studies involved nursing staff (of which only one had statistically significant results), compared to 15 involving medical staff. This finding highlights the limited evidence available and subsequent need for further research relating to data collection through mHealth apps in the discipline of nursing. This finding is congruent with Foo et al. (2015) , who outlined that further research focusing on nursing teams in relation to the use of mHealth apps used to track patient journeys and clinical task management is key to improving the functionality of current apps. The findings of this review also confirm this, as the function of the apps used by nursing staff in this review was related to education or information and communication, not illness or clinical management. Nurses are an integral part of the healthcare team and play a significant role in the delivery of frontline patient care. This proximity to patients places them in a key position for collection of data that could be used to inform quality improvement, particularly in relation to clinical or illness management.
As mentioned previously, the four types of data collected by the mHealth apps in the articles reviewed included numerical, textual, imaged, or graphical data with numerical and textual data being the most common form.
However, while data collection was possible from all the apps utilized in the studies, a review of these studies revealed that data collection was often not the purpose of the apps themselves. The main functions of the apps were to improve communication, illness, and clinical management, and provide education or information. Although the purpose of the apps was improvement focused, it was the data collected by the mHealth apps that informed these changes. The data from these apps were used for a variety of purposes resulting in quality improvement (e.g., faster identification of changes in patient condition; Semple et al., 2015; Twichell et al., 2017) , improving communication processes (Foo et al., 2015; Khanna et al., 2015; Patel et al., 2016) , enhancing understanding of quality of life (Cingi et al., 2015; Lakshminarayana et al., 2017; Sundberg et al., 2017) , increasing patient compliance (Cingi et al., 2015; Gernart et al., 2017; Kitsiou et al., 2017; Wolf et al., 2016) , and improving access to and satisfaction with health care (Dickson et al., 2016; Lakshminarayana et al., 2017) .
This review outlines that data are collected through mHealth apps both in real time and retrospectively, with benefits to both approaches. Benefits of utilizing realtime data include (but are not limited to) timely interventions and decision-making related to clinical care and illness management and improved accuracy of information collected. The increasing accessibility and portable nature of mHealth devices enables the data collection process to be more efficient and effective due to shorter time spent collecting and collating data when using a mHealth app. It also provides greater access for patients to be involved in data collection from the convenience of their hospital beds or homes. Having data stored in an app rather than paper and having it accessible in real time also reduces the time taken for clinicians and researchers to access the data and make appropriate data-informed changes to practice. Using an app to collect data in real time lowers the risk of missing data sets, as it is all stored in a central online, secure space and cannot be misplaced after collection. Collecting and using data from mHealth apps retrospectively also equip clinicians with information on healthcare processes over time, which can be used to inform sustainable healthcare change and provide evidence for both clinicians and patients (e.g., reviewing effectiveness of interventions; Khanna et al., 2015; Patel et al., 2016) , patient treatment compliance via mHealth app diaries (Gernart et al., 2017; Wolf et al., 2016) , understanding quality of life (Cingi et al., 2015; Gernart et al., 2017; Wolf et al., 2016) , reviewing time to treatment (Dickson et al., 2016) , and using data captured on the app as a memory aid when attending follow-up appointments (Lakshminarayana et al., 2017) .
The most common focus of data collection related to communication and illness management. Collection of data from the patient perspective in relation to the care experience provides key information on the quality of care and its effect on the patient (McCance, Wilson, & Kornman, 2016) . These data provide a platform for the delivery of person-centered care, identification of gaps in care delivery, and quality improvement. However, only five out of 19 studies used mHealth apps to explore the patients experience in health care and the impact of illness on quality of life (Cingi et al., 2015; Gernart et al., 2017; Lakshminarayana et al., 2017; Macpherson et al., 2014; Sundberg et al., 2017) . These studies predominantly provided data for the medical clinicians caring for these patients with only two studies mentioning providing this information to nurses. This indicates the need for further research where data collected from mHealth apps are provided to healthcare clinicians, in particular, nursing staff.
This review highlights that data from mHealth apps are used for the benefit of both patients and clinicians in health care. For patients, this includes recognition of abnormal results (Semple et al., 2015; Twichell et al., 2017) , improved illness management (Cingi et al., 2015; Kitsiou et al., 2017; Lakshminarayana et al., 2017; Peiris et al., 2014; Semple et al., 2015; Wolf et al., 2016) , improved accuracy of electronic health records and health data (Lakshminarayana et al., 2017; Wolf et al., 2016) , real-time communication and feedback (Peiris et al., 2014; Sundberg et al., 2017) , faster treatment time (Armstrong et al., 2017; Dickson et al., 2016; Semple et al., 2015) , enhanced patient experience (Armstrong et al., 2017; Lakshminarayana et al., 2017; Semple et al., 2015; Sundberg et al., 2017) , access to health and health system information (Lakshminarayana et al., 2017; Lee et al., 2015) , and self-awareness and education (Holmen et al., 2017; Kitsiou et al., 2017; Lakshminarayana et al., 2017) . For healthcare providers (predominantly medical), this includes the improvement of communication between healthcare teams (Foo et al., 2015; Khanna et al., 2015) , improvement of patient management pathways (Dickson et al., 2016; Foo et al., 2015; Twichell et al., 2017) , time-and cost-efficient healthcare delivery (Gunter et al., 2016; Lee et al., 2015; Semple et al., 2015) , greater understanding of patient compliance (Kitsiou et al., 2017; Lakshminarayana et al., 2017; Wolf et al., 2016) , and the impact of work and illness on emotional well-being and quality of life (Gernart et al., 2017; Jakel et al., 2016; Lakshminarayana et al., 2017; Macpherson et al., 2014) .
While the studies reviewed attributed several benefits from utilizing mHealth apps, it was interesting to note that only one study's focus was the collection of data through an mHealth app for the purpose of informing quality improvement (Foo et al., 2015) . This indicates that the use of mHealth apps to produce data to inform quality improvement is more of an innate outcome rather than an explicit focus within health care, highlighting the need for further research and development in this area.
Limitations
The limitations of this review include having a single reviewer screen and appraise the articles selected, under guidance from supervisors. While every effort was made to retrieve all relevant articles as a result of a rigorous search strategy, it is acknowledged that this search was undertaken at a point in time in what is a rapidly evolving field.
IMPLICATIONS FOR FUTURE RESEARCH
This review highlights how data obtained from mHealth apps can and are being used to inform quality improvement in health care. The emerging nature of this topic evidenced by the recent studies published and low number of high-quality evidence of studies available, indicate that further research is required in this area to adequately understand how data from mHealth apps can and are being used to produce quality improvement, specifically in relation to nursing. This review also highlights a need for the evaluation of data produced by existing mHealth apps and the development of apps that specifically aim to capture data to inform quality improvement, particularly from the patient perspective.
CONCLUSIONS
In conclusion, this review highlights the emerging nature of using data collected from mHealth apps to inform quality improvement in health care. Analysis of the included studies showed that although data collection is rarely outlined as the explicit purpose of mHealth apps, data collected through such technology are used to inform practice change both in real time and retrospectively. These improvements include benefits for both patients and clinicians, such as improved disease control and management, quality of life, communication, and time efficiency. WVN Using Data From mH ealth Apps
LINKING EVIDENCE TO ACTION
• Data from mHealth apps can be used to inform improvements for both patients and clinicians such as improved disease control and management, quality of life, communication, and time efficiency.
• Evaluation and use of data from existing mHealth apps used in practice to inform quality improvement are needed.
• Further research is required to adequately understand how data from mHealth apps can be used to produce quality improvement, specifically in relation to nursing.
• This review also highlights a need for the development of apps that aim to capture data to inform quality improvement, particularly from the patient perspective.
• There is a need for increased publication of highquality evidence relating to data collection through mHealth apps used in nursing, particularly from countries in the Southern Hemisphere.
